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ABSTRACT' 
The purpose of the study was to investigate the relationship between 
predelivery serum calcium values and blood loss at delivery as reflected by 
changes in selected hematologic values from predelivery to second post-
partum day. Twenty-nine women who delivered at the Shiprock Indian Health 
Service Hospital and 25 women who delivered at Hill Air Force Base Hospital 
were studied. Each subject had a total serum calcium level determined 
prior to delivery. Hematocrit, hemoglobin, mean corpuscular volume, 
mean corpuscular hemoglobin, and mean corpuscular hemoglobin concen-
tration were measured for each subject prior to delivery and again on the 
second postpartum day. Changes in these hematologic values were inter-
preted as indices of blood loss at delivery 0 Pearson product -moment corre-
lations were calculated to test the hypothesized relationship between serum 
calcium and changes in the hematologic values 0 No statistically significant 
correlations were observed. Previously reported association of blood loss 
with maternal age, parity, length of labor, and infant weight are supported 
by this study. Although norms do not exist for drops in hematocrit and 
hemoglobin per volume of blood loss for parturient women, the magnitude 
and frequency of drops in these values observed in this study speaks to the 
excessive loss of blood by women who participated in the study" Contrary 
to the expectation of the investigator, the Navajo women from Shiprock did 
not have serum calcium levels lower than the primarily Caucasian sample 
from Hill; neither did the Navajo subjects lose more blood at delivery than 
the subjects from Hill 0 Initially, it was assumed that the Navajo tendency 
to lower serum calcium levels and greater blood loss at delivery were 
related to racial differences 0 Observation of the same tendencies among 
the subjects from Hill suggests that these trends to lower serum calcium 
and excessive blood loss at delivery are a function of the interaction of 
other variables, perhaps socioeconomic or nutritional status. 
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CHAPTER I 
INTRODUCTION 
Almost without exception, the third and fourth stages of labor are 
accompanied by measurable blood loss. The purpose of this study is to 
investigate the relationship between predelivery serum calcium levels and 
selected hematologic laboratory values as indices of blood loss at delivery. 
In the view of many authorities on the subject, pregnancy induced 
hypervolemia is woman f s insurance against her own demise when giving 
birth and has ensured the survival of the human race through the ages 
(Pritchard & Macdonald, 1976). Hypervolemia has been estimated by many 
to represent an increase of approximately 45% over the normal non -pregnant 
blood volume. In light of this occurence, Pritchard and Macdonald (1976) 
feel that any woman can usually tolerate blood loss at delivery which 
approaches the amount of blood volume increase secondary to pregnancy. 
Nonetheless, the traditional definition of postpartum hemorrhage as blood 
loss in excess of 500 ml in the first 24 hours after delivery persists. To 
date, this definition serves as the parameter in the estimation of the inci-
dence of postpartum hemorrhage in all deliveries. 
It has been found that postpartum hemorrhage occurs in 5% of all 
deliveries in the United States (Pritchard & Macdonald, 1976). Bander 
(in Romney Gray, et al., 1975) states that postpartum hemorrhage is the 
cause of approximately 15% of all maternal deaths in childbirth in the 
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United States. Among Navajo women at the Shiprock Indian Health Service 
Hospital in New Mexico, it seems that the incidence of postpartum hemor-
rhage is sigp.ificantly higher than in other populations. Of the 715 deliveries 
in 1974, there were 67 (903%) identified cases of postpartum hemorrhage 
(Obstetric Logbook, 1974)0 In studies where blood loss was measured by 
weighing saturated obstetric linen and basins containing blood loss at delivery 
of a total of 65 Navajo women, Wilson (1976) reports that 60% sustained blood 
loss in excess of 500 ml and Dyer (1977) found that 62% experienced blood 
loss in excess of 500 mlo These figures represent an approximate 12 fold 
increase over the 5% incidence of postpartum hemorrhage reported for other 
populations. 
Several factors have been suggested as having some relationship to 
the increased tendency of Navajo women to experience greater blood loss at 
delivery. In an analysiS of the best, presently available, demographic, 
mortality, and morbidity data on the Navajo Nation, Kaltenbach (1976) 
identified four basic factors as potential underlying causes to a variety of 
health problems: sanitation, housing, behavior, and nutrition. He sug-
gested that "malnutrition was an under lying or exacerbating factor in 
almost all health problems found on the Navajo Reservation" (ppo 42 -43)0 
Wilson also reports that among Navajo women, traditional beliefs, food 
taboos, and the lack of refrigeration may further reduce opportunities 
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for the ingestion of a nlJtritionally adequate diet during pregnancy. How-
ever, it should be emphasized that a cause-effect relationship between 
dietary deficiency during pregnancy and blood loss at delivery not be drawn, 
but tl1at chronic undernutrition may reasonably adversely affect reproductive 
and recuperative function. 
Nutritional status reflects not only what people eat, but 
how the nutrients are absorbed, utilized in the body, and 
stored. It is a continuous process that is influenced by 
lifetime dietary habits as well as the individual's own 
physiological and psychological state .. (Worthington, 
Vermeersch, & Williams, 1977, p. 14) 
Other factors that are commonly regarded as preqisposing to exces-
sive blood loss at delivery are grand multiparity, vigorous-labor, rapid 
delivery, multiple gestation, polyhydramnios, placenta previa or abruptio, 
extensive pelvic laceration, general or conduction anesthesia, and coagula-
tion disorders. The combined incidence of these occurences in both 
Wilson's and Dyer's populations was less than 10%. 
Review of the Literature 
In a review of the literature, Wilson (1976) found no previous corre-
lation studies of predelivery serum calcium levels and blood loss at delivery. 
She studied the relationship between predelivery serum calcium and mea-
sured blood loss at delivery among 35 Navajo women. Serum calcium 
levels were compared to the expected range for the adult, nonpregnant 
female: 8.5-10.5 mg/100 ml of blood (Wallach, 1974). If adjustments 
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are made for the physiologic decline of serum calcium in pregnancy 
described by P~tkin(1975) and Aubrey (1975), the nadir representing a 5% 
decrease from nonpregnant levels, 20 (57%) of the Navajo women had serum 
calcium levels less than 9.03 mg, the lower half of the expected range. Of 
these 20 women, 12 had measured blood loss in excess of 500 ml at delivery. 
Ten had measured blood loss in excess of the mean for that sample (652 ml). 
On that basis, Wilson has suggested that there may be some correlation 
between predelivery serum calcium and blood loss at delivery. 
It is well known that visual estimates of blood loss at delivery are 
highly subjective and substantially inaccurate (Dyer, 1977; Newton, 1966; 
Pritchard, 1965; Wilson, 1976). Measurement of blood loss at delivery is 
also subj ect to error due to the difficulty encountered in controlling the 
simultaneous loss of amniotic fluid and maternal urine. A simple technique 
commonly employed to verify estimates of blood loss at delivery is the 
comparison of predelivery and postpartum hematocrits. Although a fall 
in hematocrit can quite accurately reflect acute blood loss in the nonpreg-
nant woman, the pattern of change in hematocrit has been observed to be 
quite different in women with the physiologic hypervolemia of pregnancy 
who hemorrhage at delivery. Pritchard, in 1965, observed that "in 
response to hemorrhage, the blood volume dropped to approach the normal 
nonpregnant level while the hematocrit changed very little" (p. 395). In 
addition, he observed that some women, such as those with small body 
masses, megaloblastic anemia, and preeclampsia, do not tolerate 
postpartum blood loss as well because they typically halle a smaller total 
blood volume or the hypervolemia of pregnancy is reduced or absent. 
However, he did conclude that when blood loss was large, the change in 
hematocrit was greater. Dyer (1977) also concluded that hematocrit 
values were strong indicators of blood loss in a small group of Navajo 
women, 61 % of whom experienced postpartum hemorrhage. 
Hematocrit is defined as a measure of the volume of red cells per 
unit volume of blood; it varies in different parts of the vascular tree. An 
elevation in hematocrit may result from a decrease in plasma volume 
(Wintrobe, 1967, p. 396). After delivery, when the hormonal influences 
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of the fetus and placenta are no longer operant, fluid shifts in the intra-
vascular and extravascular compartments and a diuresis occur that 
significantly affect the total plasma volume (Pritchard, 1965). As a result, 
a relative hemoconcentration occurs that may obscure the significance of 
the postpartum hematocrit. Acute blood loss at delivery may be more 
accurately reflected by the observation of the change in hemoglobin and 
erythrocyte indices as well 0 Acute blood loss should theoretically be 
followed by a Significant reticulocytosis and a rise in mean corpuscular 
volume (MCV); in contrast, the mean corpuscular hemoglobin (MCH), 
and the mean curpuscular hemoglobin concentration (MCHC) should 
fall (Leavell & Thorup, 1976) 0 
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Theoretical Framework 
A brief review of the current theory of hemostasis and the operation 
of the mechanisms of hemostasis in the third and fourth stages of labor 
is in order. According to Born (1977), and Mustard and Packham (1977), 
hemostasis is broadly effected through the occurence of the following 
events: 
1) Contraction and retraction of the injured blood vessels; 
2) Adhesion of platelets to vessel walls and the activation of the 
coagulation pathways; 
3) Aggregation of platelets to form a hemostatic plug and further 
accelerate blood coagulation; 
4) Fibrin formation and deposition. 
Given that platelet response is adequate, the coagulation mechanism can 
be expected to occur in two major pathways: the intrinsic and extrinsic 
pathways. Both culminate in the activation of Factor X, which in turn 
stimulates the processes in the common pathway 0 The :result is the con-
version of prothrombin to thrombin, and fibrinogen to fibrin (Davie & 
Schmer, in Schmer & Standjord, 1973). Fibrin adds tensile strength to 
the aggregation of platelets in the formation of the hemostatic plug .. 
It is beyond the scope of this paper to identify the many factors 
that serve as enzymes and substrates in these pathways. However, it 
is notable that ionized calcium is required at all stages of the clotting 
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mechanism, with the exception of the activation of the Hageman factor and 
the conversion of fibrinogen to fibrin (Biggs, 1972). It has also been 
observed that platelet aggregation in vitro is accelerated in the presence 
of certain concentrations of ionized calcium (Biggs, 1972). 
In examining the mechanisms of normal hemostasis, it is notable 
that when blood vessels are injured, vessel walls contract. In some 
instances this mechanism may be sufficient to heal the injury site (Mustard 
citing McFarlane, 1972 and Senyi et al., 1975). At the placental site, the 
uterus further enhances vessel wall contraction: figure of eight shaped 
myometrial fibers that occupy the upper uterine segment constrict the 
blood vessels shorn by the separation of the placenta. These fibers act 
as physiological ligatures. When uterine tone persists, providing the 
placental implantation site is not low, blood loss from the placental site is 
effectively curbed. In addition, the third stage of labor is followed promptly 
by a resurgence of the fibrinolytic activity suppressed during pregnancy 
(Shaper, Macintosh, Evans, & Kyobe, 1965). 
The role of ionized calcium in the various phases of coagulation 
has already been noted. In addition, calcium ions exert considerable 
influence on the membrane potential of smooth muscle fibers 0 Theobald 
(1968) observed that in vitro, strips of uterine muscle deprived of cal-
cium would ultimately cease to contract in response to any type of 
stimulation 0 From more recent investigation of factors involved in the 
initiation of labor, Carsten (1976) concludes that calcium, released from 
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the sarcoplasmic reticulum of the myocyte through the action of prosta-
glandins, activates the contractile elements of the cell. 
Because of the varied and ubiquitous nature of the roles calcium 
plays in human metabolism, Pitkin (1975) posits that the availability of 
calcium in pregnancy is of no small import. Whether calcium storage in 
the maternal skeleton occurs in pregnancy is still open to debate; the 
majol,"ity of investigators favors some degree of maternal storage in excess 
of fetal needs (Pitkin, 1975; Worthington et al., 1977). Adequate mineraliza-
tion of the fetal skeleton and the deciduous teeth requires that the fetus draw 
approximately 250-350 mg of calcium per day from the maternal blood 
supply (Widdowson, 1968). Most calcium is acquired by the fetu~ in the 
third trimester 4\ Nonetheless, total maternal serum calcium levels have 
been obs~rved to fall early and progressively during pregnancy: 
The decline begins shortly after conception and is pro-
gressive until the middle of the third trimester, after 
which there is a slight rise. The nadir~ which occurs 
approximately six weeks prior to term, represents a 
decrease of 5% from the nonpregnant level. (Pitkin, 1975, 
p. 727) 
In an effort to explain the antithesis in these events, Pitkin compared 
the data of several investigators reflecting patterns of the concentration of 
total calcium and albumin in maternal serum through pregnancy. The 
basis of his supposition is the calcium binding capability of albumin. One 
gram of albumin binds O. 7 mg of calcium. Albumin bound calcium repre-
sents 45.5% of the total normal serum calcium concentration. Calcium 
also exists in two other forms in the serum: in small amounts of citrate/ 
phosphate complexes, and in its ionized form -- which is 47.5% of the 
total normal serum calcium. (Pitkin, 1975). It is the ionized portion of 
serum calcium that is known to be biologically aGtive. It is felt that this 
ionized fraction remains constant despite declines in tota 1 serum calcium 
levels in pregnancy (Pitkin, 1975). 
9 
Nevertheless, calcium. concentrations in bone and blood are in a 
constant state of exchange; ionized serum calcium l~vels in a sample vary 
somewhat depending on blood pH, the degree of venous stasis, patient 
posture, and fasting state (Tietz, 1976). It appears that the albumin bound 
and ionized calcium. are also in a constant state of flux, and that a low total 
serum calcium level in a person whose cal'cium stores are poor may be 
excessively stressed by third trimester fetal needs, the myometrial 
contractions of labor, and the hemostatic challenge of placental separa-
tion. One possible result is a transient fall in the concentration of biologi-
cally active calcium. A decline in ionized calcium holds dramatic implica-
tions for the response of the body to placental separation. In this circum-
stance, it is possible that impaired platelet aggregation, delay or failure 
of coagulatory mechanisms, and decreased myometrial contractility might 
result. Any or all of these occurences would result in excessive blood loss 
in the third stage of labor and the immediate postpartum period. 
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Rationale and Purpose of the Study 
Though postpartum hemorrhage can be anticipated in some instances, 
many times it occurs unexpectedly or seems unwarranted. In reality, there 
probably exists an index of prediction that has not yet been identified. 
Assessment of the physical status of the gravid woman, for the purpose 
of comparing physical findings and laboratory data for a given patient with 
established norms, provides the basis for prediction of obstetric outcome 
for that patient. In addition, it is upon this comparison that anticipation of 
problems, identification of patients at risk, and sound medical, nurse-
midwifery, and nursing management is based. 
If a correlation exists between predelivery serum calcium levels and 
excessive blood loss at delivery, a simply obtainable index of normal would 
augment the practitioner's ability to anticipate an otherwise unrecognizable 
predisposition to postpartum hemorrhage. Preconceptional and prenatal 
counselling regarding the importance of adequate dietary calcium intake 
might offset the superimposition of the hemostatic stress of delivery on 
patients having poor calcium reserves. 
The purpose of this study is to examine the relationship between 
predelivery serum calcium levels and the following laboratory values as 
indices of blood loss at delivery: predelivery and second postpartum day 
hematocrits, hemoglobins, and erythrocyte indices. Five null hypotheses 
are proposed: 
1) There is no relationship between predelivery serum calcium 
and change in hematocrit from predelivery to second postpartum day. 
2) There is no relationship between predelivery serum calcium 
and change in hemoglobin from predelivery to second postpartum day. 
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3) There is no relationship between predelivery serum calcium and 
change in mean corpuscular volume from predelivery to second postpartum 
day .. 
4) There is no relationship between predelivery serum calcium 
and change in mean corpuscular hemoglobin from predelivery to second 
postpartum day. 
5) There is no relationship between predelivery serum calcium 
and the change in mean corpuscular hemoglobin concentration from pre-
delivery to second postpartum day 0 
Operational Definitions 
The variables under observation in this study are defined as 
follows: 
Serum calcium --milligrams of calcium per 100 ml of serum; 
normal range in pregnancy is 8 .. 0-10 0 0 mg (Pitkin, 1975). 
Hematocrit--percent volume of red cells per unit volume of blood; 
normal range in pregnancy when adjusted for altitude (5000 feet) is 38 - 42% 
(Wintrobe, 1967)0 
Hemoglobin --grams of hemoglobin per 100 ml of blood; normal 
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range in pregnancy is 11.0- 14.0 grams (Pritchard & Macdonald, 1976). 
Mean corpuscular volume--volume in cubic microns of the average 
red corpuscle; normal range for adult females is 82 - 92 cubic microns 
(Wintrobe, 1967). 
Mean corpuscular hemoglobin --weight in micromicrograms of 
hemoglobin in the average red corpuscle; normal range in adult females 
is 27 - 31 micromicrograms (Wintrobe, 1967). 
Mean corpuscular hemoglobin concentration--percent concentration 
of hemoglobin in the average red corpuscle; normal range in adult females 




A comparative design was used to investigate the relationship 
between predelivery serum calcium levels and selected hematologic labora-
tory values as indices of blood loss at delivery. Demographic and descrip-
tive data were obtained from the two sample populations. 
Subjects 
The subjects were obtained at two locations: at the Shiprock Indian 
Health Service Hospital in Shiprock, New Mexico which conducts approxi-
mately 60 deliveries each month, and at Hill Air Force Base Hospital in 
Ogden, Utah where there are approximately 30 deliveries each month" 
Thepe hospitals were selected because of the size of the available popula-
tions, th~ willingness of the administrative staff and the obstetric unit staff 
to cooperate in the investigation, and the availability of necessary labora-
tory tests at no cost to the subjects .. Women meeting the following 
criteria were included in the study: a) admitted to the hospital in active 
labor, and b) gave their written consent to participate. Those women with 
the following conditions were excluded from study: grandmultiparity, 
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prolonged labor ( > 24 hours), precipitous labor and delivery ( .> 2 hours in 
inultipa:rae, > 4 hours in primiparae), multiple gestation, intrauterine 
fetal demise, Cesarean section, preeclampsia, placenta previa or abruptio, 
or coagulation disorders. At Shiprock, 31 women consented to participate; 
two were eliminated because they sustained extensive pelvic lacerations. 
At Hill Air Force Base, 33 women consented to participate. Eight were 
not included in the study because all essential data were not collected. 
Procedure 
This proposal was approved by the Human Subjects Committee of the 
University of Utah, the Commanding Officer and the Chief of Obstetrics at 
Hill Air Force Base Hospital, the U. S. P. H. S. Navajo Area Indian Health 
Service and Navajo Tribal Council Committee on Research and Publications, 
the Shiprock Navajo Health Advisory Board, and the Shiprock Service Unit 
Director of the Indian Health Service Hospital .. 
Prior to data collection, meetings were held with the medical, 
nursing, and laboratory staff at both facilities. The purpose of the study 
and method of data collection were discussed with the staff and nurse-
midwifery students who acted as assistants in data collection. 
Prospective participants were informed as to the title of the study 
and that the purpose of the study was to look at the relationship between 
the amount of calcium in their blood and the amount of blood that they lose 
when they deliver their babies. They were also informed that their 
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participation in the study involved one extra blood test when they were 
admitted to the hospital so that the amount of calcium in their blood could 
be measured. The research assistant obtaining the participants I signed 
consent further assured them that their identity and the results of the lab 
tests would remain confidential, that they would be given the results of 
the tests and the study if they so desired, and that they could withdraw their 
consent to participate at any time without compromise to their care. Those 
subjects who agreed to participate had their signed consent forms (Appendix 
A) placed in their medical records. 
Upon admission to the labor room and before the insertion of any 
intravenous line, two tubes of venous blood were drawn from each participant; 
one red-top vacutainer (clotted specimen) for serum calcium analysis, and 
one purple -top vacutainer (oxylated specimen) for the determination of 
hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (M CH), and mean corpuscular hemoglobin 
concentration (MCHC). At Hill Air Force Base, both samples were sub-
mitted to the hospital laboratory a At Shiprock, the purple -top tube was 
submitted to the hospital laboratory for the hematology determinations; 
red -top tubes were sent to the special chemistries laboratory at the 
U.S.PgH.So Hospital in Tuba City, Arizona. The blood specimens were 
obtained and handled according to the instructions in posted protocols 
(Appendices B and C). On the second postpartum day, a venous blood 
sample was again obtained from each subject for determination of selected 
hematologic values (HCf, HGB, MCV, MCH, and MCHC). Demographic 
data were collected on each subject from the medical record .. 
Laboratory Procedures 
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At the Hill Air Force Base Hospital laboratory, hematologic deter-
minations were most often obtained through analysis of specimens in the 
HEMAC Laser Hematology Counter; some were made manually when the 
machine was out of order.. The laboratory officer reported a 2 -3% difference 
in HCf values and no difference in HGB values between the two procedures. 
At Shiprock, hematologic determinations were most often obtained through 
analysis of specimens in the ZBI Coulter Counter. Here again, it became 
necessary to do manual determinations when the machine was out of order. 
The laboratory officer reported no difference in either value between the 
automated and manual methods (see Appendix E for a description of the 
automated methods). 
Serum calcium measurement was performed at Hill using the 
Pierce Calcium RAPID ST ATTM Kit.. Shiprock specimens sent to Tuba 
City were analyzed in the HYCEL-17 System (see Appendix F for a descrip-
tion of methods) .. 
Three control subjects submitted blood specimens for serum cal-
cium and hematologic determinations at both facilities to validate the 
comparability of results.. Sufficiently similar results were obtained on 
analysis of all specimens submitted to the three laboratories involved 
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in the study. 
Data Analysis 
The data were analyzed at the University of Utah Computer Center 
using the Univac 1108 Computer. Tabulation of the data was done using 
the Statistical Package for the Social Sciences (Nie, Hull, Jenkins, Stein-
brenner, & Bent, 1975) 0 Student!.. -test was used to identify significant 
differences between the Shiprock group and the Hill group. Pearson 
product -moment correlation and partial correlation techniques were used 
to test the hypotheses. The level of significance was set at 0.05 (Welko-
witz, Ewen, & Cohen, 1971). 
Limitations of the Study 
This study was subject to the following limitations: 
1) A limited sample size resulted from both the patients t refusal to 
participate and by the limitations that time and staffing placed on the ability 
of the investigator and her assistants to collect the necessary data. 
2) Intermittent equipment failure during the study resulted in the 
loss of erythrocyte indices to the data 0 
3) Only estimates and not measurements of blood loss at delivery 
were done. 
4) Data regarding the socioeconomic status and educational level 
of the participants was not obtained. 
CHAPTER III 
RESULTS AND DISCUSSION 
A total of 54 women participated in this study of predelivery serum 
calcium levels and blood loss at delivery as indicated by changes in the fol-
lowing hematologic values from predelivery to second postpartum day: 
hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin 
concentration (MCHC). 
Twenty-nine (54%) of the total sample of women participating in the 
study delivered at the Shiprock Indian Health Service Hospital. All of these 
women were Navajo Indians. The Navajo women ranged in age from 17 to 
35 years. Fourteen (4803%) of the Navajo women were married and 15 
(51.7%) were single 0 The number of previous pregnancies ranged from one 
to six, and the birth weight of the infants born to these women ranged from 
2727 to 3934 grams. Table 1 illustrates the distribution of these variables 
in more detaiL 
Twenty-five (46%) of the total sample delivered at Hill Air Force Base 
Hospital. Of these, 20 women (80%) were Caucasian, 3 (12%) were Black, 
and 2 (8%) were of other races. The women ranged in age from 17 to 33 
years. 
Table 1 
Distribution of Age, Gravida, and Infant Weight 
of Subjects According to Location 
Hill Shiprock 
Variables Mean S.D. Mean S.D. 
Age 23.06 4.16 25.24 4.83 
Gravida 2.69 1.23 2.96 1.81 
Infant Weight (grams) 3372 315.6 3412 512.2 
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Twenty-two (88%) of the Hill group were married, two women were single. 
The number of previous pregnancies ranged from one to seven, and the 
birth weight of the infants born to these mothers ranged from 2188 to 4318 
grams. 
Sample Comparison 
Subjects from Shiprock were compared with the subjects from Hill 
Air Force Base with respect to variables that have been suggested as influ-
encing blood loss at delivery (Paffenbarger, 1963; Ober & Grady, 1961). A 
!. -test was computed between sample means of the following variables: age, 
parity, weeks gestation, weight gain, length of labor, infant weight, blood 
pressure, and serum calcium 0 The results of the test are designated in 
Table 2. A statistically significant difference was found between the mean 
lengths of th~ first stage of labor (t=-3 .45, df=39. 75, p=. 001). The mean 
Table 2 
!.. -tests between Shiprock Subjects and Hill Air Force 
Base Subjects on Variables Influencing Blood Loss 
Degrees of 
Variables t -Value Freedom 
Age 1077 52 
Gravida .63 41 
Number of previous fullterm 
births .28 41 
Number of previous premature 
births .12 52 
Number of prev ious 
abortions .93 43 
Weeks gestation -.12 52 
Infant weight 034 39 
Systolic blood pres sure .74 50 
Diastolic blood pressure 2013 50 
Prepregnant weight -003 41 
Predelivery weight .81 47 
Total weight gain 1.40 41 
Length of labor 
1st stage -3.45 41 
2nd stage 1.57 37 
3rd stage -1.95 36 
Serum calcium 1.81 41 
*significant at p ~ .05 





















length of the first stage among the subjects from Hill was 326 minutes. 
Among the Navajo women, the mean length of the first stage was 542 minutes. 
A statistically significant difference was also found between the mean dias-
tolic blood pressures (t=2.13, df=50, p=. 038) 0 The mean diastolic pressure 
at Hill was 77. 7; among the Navajo subjects, the mean diastolic pressure 
was 72.1. The samples also differed significantly with regard to marital 
status: 88% of the Hill subjects were married; 48% of the Navajo subjects 
were married. Since marital status might represent a crude index of socio-
economic status, which would, in turn, influence nutritional status, the rela· 
tionship between marital status and serum calcium status was investigated. 
A ~-test was computed between mean serum calcium values of married sub-
jects and single subjects. No statistically significant difference was observed 
(t=.02, df=22.4, p=.983). 
To determine the relationship between diastolic blood pressure, 
length of first stage of labor, and the hematologic indicators of blood loss, 
Pearson product -moment correlations were calculated. The level of signifi.-
cancewas set at 0 .. 05 (Welkowitz, Ewen, & Cohen, 1971). Only one statisti-
cally significant relationship was observed between the length of first stage 
and the simple difference in hemoglobin from predelivery to second post-
partum day (r=.2306, N=54, p=.047). The size of the coefficient of deter-
mination suggests that this finding, although statistically significant, has 
little clinical value" 
The investigator determined that the Hill Air Force Base sample 
and the Shiprock sample could reasonably be treated as one sample in 
further testing of the hypotheses by controlling for the above noted differ-
ences. 
Description of the Variables 
The mean serum calcium level of the total sample was 8.86 mg, 
with a range of 7.6 to 10 .. 1 mg. This value is in the lower half of the 
expected range for pregnancy (8.0-10.0 mg). Twenty-nine subjects (54%) 
had serum calcium levels in the lower half of the expected range. 
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Simple difference scores were computed between predelivery and 
second postpartum day hematologic values as indices of blood loss at 
delivery. Table 3 illustrates the mean predelivery and postpartum hemato-
logic values as well as the changes that occurred in HCf, HGB, MCV, 
MCH, 'ilnd MCHC. A drop of 6 .. 7 points in HCf is theoretically equivalent 
to a loss of approximately 500 ml of blood in adult males (Fowler & Barer, 
1942; Miale, 1972) .. Fowler and Barer also observed a naverage 2.3 gram 
drop in hemoglobin in male blood donors from whom approximately 555 ml 
of blood had been removedo Acute blood loss is normally followed by 
macrocytosis at the time of maximal reticulocytosis; a rise in MCV 
would be expected. Decreases in MCH and MCHC would be expected in 
cases where blood loss was of sufficient quantity to stress iron stores in 
the manufacture of red blood cells to replace those lost. 
Table 3 
Changes in Hematologic Values from predeUvery 
to Second Postpartum Day as Indices of Blood 
Loss at Delivery 
Predelivery 2nd PP Day Simple diff. 
Variables Mean Mean 
Hematocrit (%) 38.16 35.56 
Hemoglobin (gram) 12.95 12.13 
Mean corpuscular 
volume (cu. micron) 92.24 93.28 
Mean corpuscular 
hemoglobin 31.03 30.29 
Mean corpuscular hemo-
globin concentration 33.75 33.09 
Serum Calcium and Hematologic 















The first null hypothesis was: there is no relationship between pre-
delivery serum calcium and change in HCT from predelivery to second post-
partum day. To determine the relationship between maternal serum calcium 
and change in HCT, a Pearson product-moment correlation was computed. 
The correlation observed was: r=.55, N=54, p=.131 (not significant at the 
0005 level) .. The null hypothesis was accepted as true. Predelivery serum 
calcium is not related to blood loss at delivery as reflected by the change in 
HCT from predelivery to second postpartum day. The results of tests of the 
hypotheses are illustrated in Table 4. 
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Table 4 
Pearson Product-moment Correlations with 
Predelivery Serum Calcium Levels 
Signifi can ce 
Variables Mean S.D. Corr. N Level 
Difference in 
hematologic values 
from predelivery to 
2nd postpartum day: 
Hematocrit -2.59 4.61 .155 54 .131 
Hemoglobin - .98 1.45 .222 54 .053 
Mean corpus cular 
volume 1.64 5.98 -.451 36 .003 
Mean corpus cular 
hemoglobin - .,61 2.45 -.297 36 .039 
Mean corpus cular 
hemoglobin 
concentration - .. 73 2.10 .232 36 .086 
The second null hypothesis was: there is no relationship between 
predelivery serum calcium and change in HGB from predelivery to second 
postpartum day.. A Pearson correlation was computed to determine the 
relationship between serum calcium and change in HGB. A borderline 
correlation was observed: r=l' 22, N=54, p=" 053 (level of significance 0.05) .. 
However, the size of the coefficient of determination indicates a probable lack 
of clinical significance in this association. The null hypothesis was accepted 
as true" Predelivery serum calcium is not significantly related to blood loss 
at delivery as reflected by the change in HGB from predelivery to second 
postpartum day. 
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The third null hypothesis was: there is no relationship between pre-
delivery serum calcium and change in MCV from predelivery to second 
postpartum day. A Pearson correlation was computed to determine the 
relationship between serum calcium and change in MCV. The correlation 
observed was: r=-.45, N=36, p=o003 (significant at the 0.05 level). The 
negativity of the coefficient reflects the expected inverse relationship 
between the variables: when serum calcium is low, the change in MCV is 
more positive. This correlation is compatible with the proposition that 
lower serum calcium levels are associated with increased blood loss as 
reflected by an increase in MCV. 
The fourth null hypothesis was: there is no relationship between pre-
delivery serum calcium and change in MCH from predelivery to second post-
partum day 0 A Pearson correlation was computed to determine the relation-
ship between serum calcium and change in MCH. The correlation observed 
was: r=-.29, N=36, ,,039 (significant at the 0 .. 05 level). However, the sign 
of the coefficient reflects an inverse relationship between the variables: 
when serum calcium is low, the change in MCH is positive. This relation-
ship is not compatible with the proposition that lower serum calcium levels 
are associated with increased blood loss reflected by a fall in MCH; it is 
also incompatible with the observation that the subjects in the study were 
found to have a mean drop in MCH. 
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The fifth null hypothesis was: there is no relationship between pre-
delivery serum calcium and change in MCHC from predelivery to second 
postpartum day. A Pearson correlation was computed to determine the 
relationship between serum calcium and change in MCHC .. The correlation 
observed was: r::c.23, N=36, p=.086 (not significant at the 0.05 level) .. 
There is a trend in the correlation which is compatible with the proposition 
that low serum calcium is associated with increased blood loss as reflected 
by a decrease in M CH C .. 
In an effort to interpret the unexpected negative correlation observed 
between serum calcium and the change in MCH (fourth hypothesis), listwise 
observation of the data was done rank ordering the cases by serum calcium 
levels, It was noted that a cluster of cases, whose serum calcium ranged 
from 9.1-9.3 mg, were missing measurement of the red cell indices (MCV, 
MCH, MCHC). When a Pearson correlation was computed between changes 
in all hematologic values (HCT, HGB, MCV, MCH, MCHC) and serum calcium 
levels of less than 9.0 mg, all statistically significant correlations disappeared. 
Table 5 illustrates these results.. All null hypotheses must then be accepted 
as true .. 
Other Findings 
Because of the statistically significant differences between the samples 
with regard to the mean length of the first stage of labor, the mean diastolic 
pressure, and marital status, partial correlations were computed between 
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Table 5 
Pearson Product -moment Correlations with Predelivery 
Serum Calcium Levels of Less than 9.0 mg 
Significance 
Variables Correlation N Level 
Differences in hematologic 
values from predelivery to 
2nd postpartum day: 
Hematocrit .1066 29 .291 
Hematoglobin .1556 29 .210 
Mean corpuscular 
volume -.1717 20 .235 
Mean corpus cular 
hemoglobin .1529 20 .260 
Mean corpuscular hemo-
globin concentration .2801 1 20 .116 
serum calcium and changes in HCT and HGB controlling for the influence of 
location. No statistically significant correlations were observed 0 Table 6 
illustrates these results .. 
Comparison of differences in HCT from predelivery to second post-
partum day, and the differences in HGB from predelivery to second post-
partum day reveal some disparity in the amounts of blood loss reflected by 
their respective changes 0 In the combined sample, twelve women had drops 
in HCf of six points or more; ten of these twelve had concomitant drops in 
HGB of two grams or more.. One subject had a drop in HCT of only four 
Table 6 
Partial Correlations with Predelivery Serum Calcium 
Controlling for the Influence of Location 
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predelivery to 2nd 







points and a drop in HGB of three grams. Nonetheless, Pearson correlations 
calculated between changes in HCf and changes in HGB reveal a highly signifi-
cant association (r=o 71, N=54, p=.OOl). Perhaps the determination of both 
change in HCf and change in HGB more accurately reflects blood loss at 
delivery 0 Furthermore, the magnitude and frequency of these changes suggest 
that actual blood loss at delivery is indeed greater than the estimate of blood 
loss 0 This finding is consistent with previous findings that visual estima-
tion of blood loss is highly inaccurate. 
A number of factors are documented in the literature as influencing 
blood loss at delivery, such as gravida, age, weeks gestation, infant weight, 
blood pressure, and total weight gain (Paffenbarger, 1963; Ober & Grady, 
1961).. This investigation supports the association of several of those varia-
bles with blood loss at delivery as reflected by changes in HCT and HGBo 
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Tables 7 and 8 illustrate variables found to be significantly associated with 
blood loss .. 
Table 7 
Significant Pearson Product -moment Correlations with Change 
in HCf from Predelivery to 2nd Postpartum Day 
Variables 
Previous full term 
deliveries 
Infant weight 


















Significant Pearson Product -moment Correlations with Change 
in HGB from Predelivery to 2nd Postpartum Day 
Significance 
Variables Correlation N Level 
Infant weight -~2351 53 ,,045 
Length of 1 st stage -.2306 54 .047 
Length of 2 nd stage -02411 54 .040 
CHAPTER IV 
SUMMARY AND CONCLUSIONS 
This study investigated the relationship between predelivery serum 
calcium levels and selected hematologic laboratory values as indices of 
blood loss at delivery.. Because of the ubiquitous and varied nature of the 
roles calcium plays in human metabolism, and the possibility that calcium 
stores are excessively stressed in pregnancy by third trimester fetal 
needs, the myometrial contractions of labor, and the hemostatic challenge 
of placental separation, it was proposed that the level of maternal serum 
calcium was related to the amount of blood lost at delivery. 
Blood loss at delivery is customarily visually estimated. For the 
purpose of this study, selected hematologic determinations were performed 
prior to delivery and repeated on the second postpartum day. Changes in 
these values were interpreted as indices of blood loss at delivery. A 
relationship was sought between predelivery serum calcium levels and 
changes from predelivery to second postpartum day in hematocrit (HCT), 
hemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), and mean corpuscular hemoglobin concentration 
(MCHC). 
Twenty-nine women who delivered at the Shiprock Indian Health 
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Service Hospital and 25 women who delivered at Hill Air Force Base 
Hospital between August 25, 1978 and January 31, 1979 were studied. On 
the basis of previous research, it was anticipated that the women from 
Shiprock, who were all Nava.jo Indians, would lose more blood at delivery 
than the women from Hill, who were primarily Caucasian (Dyer, 1977; 
Pritchard & Macdonald, 1976; Wilson, 1976). The investigator also 
anticipated that the Navajo group would have lower serum calcium levels 
than the group from Hill (Pitkin, 1975; Wilson, 1976). However, when the 
two groups were compared, it was obsE;!rved that they differed significantly 
in only four parameters: race, marital status, mean length of the first 
stage of labor, and mean diastolic blood pressure. The two s{:lmples were 
therefore treated as one in testing the hypotheses controlling for these 
differences. 
In view of the fact that the length of the first stage of labor, as 
recorded in this study, was dependent on each subject's report of when her 
labor began, it is not surprising that the groups differed significantly in this 
parameter 0 Subjects from Hill are required to attend birth preparation 
classes where they are taught how to recognize the onset of labor; this 
uniform preparation does not take place among the patients delivering at 
the Shiprock facility. Measurement of the length of the first stage of labor 
might be more meaningful to future study if defined specifically as the period 
of time taken by the patient to dilate from four centimeters to complete. In 
addition, the general attitude among the Navajo that childbirth is a normal 
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process and the tendency of the Navajo to regard the passage of time 
loosely may influence not only the manner in which they recall the onset 
of their labor but also their psychological disposition during labor. A 
lower diastolic blood pressure is certainly consistent with the "matter of 
fact" frame of reference seen so often among laboring Navajo women. 
The expectation of the investigator that the Navajo group would have 
lower serum calcium and greater blood loss at delivery was not supported 
by the data. Data concerning the socioeconomic and nutritional status, 
and compliance in the use of prenatal vitamin supplements that was not 
obtained in this study, might provide information useful to the under-
standing of the similarities between the Navajo and non-Navajo popula-
tions. Excessive blood 10s8 at delivery and serum calcium levels in the 
lower half of the expected range are occurences that are clearly more 
than a function of racial difference. The Navajo women and the non-Navajo 
women are much too similar with regard to these measures for the original 
premise to be valid. Other variables influencing the amount of blood lost 
at delivery must certainly be operant in both populations. 
Analysis of the data did not support the hypothesized relationship 
between predelivery serum calcium and blood loss at delivery as reflected 
by changes in selected hematologic values from predelivery to second post-
partum day 0 However, observation of the magnitude of the drops in HCT 
and HGB in 13 (24%) of the total sample suggest that actual blood loss at 
delivery is indeed greater than estimates of blood loss. Comparison of 
33 
differences in the way Her and HGB varied together fQr subjects who pre-
sumably lost blood in excess of 500 ml suggested that a determination of 
change in both HCf and HGB would more accurately reflect the amount of 
blood lost. 
The data also supported previously observed associations between 
blood loss at delivery and maternal age, gravida, length of labor, and infant 
birth weight. More rigorous investigation of factors having the potential for 
influencing blood loss at delivery would be of considerable value in the 
more precise designation of those women who warrant special observation 
and care during labor and delivery to avoid the life -threatening possibility 
of bemorrhage. Information of this nature would stlmulate more scientific 
planning of management strategies. For example, the practitioner of 
obstetrics might be influenced to a more judicious use of oxytocin in the 
induction and stimulation of labor. Designation of patients at risk would 
permit application of therapeutic measures to minimize qlood loss at 
delivery. Further studies, including investigation of the influence of 
socioeconomic and nutritional status on blood loss at delivery would 
improve our ability to identify the popUlation at risk for postpartum 
hemorrhage. Financial and nutritional counselling and supplementation 
could begin either in preparation for conceptiqn or in early pregnancy. 
It is recommended that a more sophisticated inventory and 
correlational study of factors influencing blood loss at delivery be done 
for the purpose of improving our ability to identify the population at risk 
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for postpartum hemorrhage. It has been demonstrated that serum calcium 
is not a strong clinical indicator of this risk; it may be an associated 
factor. Specifically, it is recommended that the influence of socioeconomic 
and nutritional status on the amount of blood loss at delivery be detailed1y 
investigated. 
APPENDIX A 
CONSENT FOR PARTICIPATION IN RESEARCH STUDY 
Date 
-------------------
Explanation of Study 
An additional blood sample will be drawn from your vein at the time 
blood is routinely drawn on admission. This sample will be sent to the 
laboratory for a blood test which will measure the ~lcium level in your 
blood. This information will enable us to help you and other women who 
give birth in the future. This research study is ent itl~d "Serum Calcium 
and Blood Loss at Delivery. " 
Consent 
, the undersigned, give my consent to 
----------------------
I, 
participate in this research study. I have read/been given an explanation 
of the study. I understand that a blood sample will be taken from my arm. 
Furthermore, I understand that my identity and the information will remain 
confidential, and that I will be given the results and interpretation of the 





PROTOCOL FOR DATA COLLECTION OF RESEARCH 
STUDY ENTITLED "SERUM CALCIUM AND BLOOD 
LOSS AT DELIVERY" 
Instructions for CNMs, Doctors, and RNs 
1. Clinic patients may have prenatal records tagged with red labels 
in the left-hand corner. If so, a signed consent form should be in the pre-
natal record. 
(a) If consent form is not found, obtain one from the ward 
clerk and have the patient sign it. Explanation of the 
study is on the form; interpretation may be necessary. 
(b) Walk-in patients, non-registered prenatal patients, 
need to have consent form signed. 
(c) Exclude the following patients from study: those with 
multiple gestation, intrauterine fetal death, previous 
Cesarean section, severe preeclampsia, parity of 
six or greater, placenta previa or abruption, 
coagulation di sorders . 
2. When the patient is admitted to labor and delivery, write an 
order for hematocrit, hemoglobin, and red cell indices, and serum 
calcium. 
3. Draw blood for hematology in purple-top vacutainer ~ 
4. Draw blood for serum calcium in a red -top vacutainer. 
Please write the patient's name, register number, date, and time of 
collection on the tubes as well as on the request slips. Request slips 
are available at the chart desk. 
5. Send the specimens to the laboratory with~n one hour after 
collection between the hours of 7 a.m. and 4 p.m. on regular work days; 
on weekends, holidays, and at other times spin down the clotted 
specimen in the laboratory. See Appendix C for procedure. 
6. After delivery, write order for hematocrit, hemoglobin, and 
red cell indices to be drawn on the second postpartum day. 
7. Thank you for your cooperation. 
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APPENDIX C 
PROTOCOL FOR HANDLING AND PRESERVATION OF 
BLOOD SERUM SPECIMENS FOR 
CALCIUM ANALYSIS 
Part One 
1. Receive a red -top glass vacutainer of clotted blood specimen 
from the obstetric ward .. 
2. Unwrap lab slip from tube and note date and time of collection. 
If it is more than 2 hours since collection, do not use. Write, REPEAT, 
in the space for remarks. Do not go on to the next step. Return the lab 
slip to the obstetric ward. 
3. Get a glass screw-cap specimen tube and transfer the patient's 
name and register number onto it from the vacutainer. 
4. Centrifuge the red -top glass vacutainer for 10 minutes. 
5. Carefully pour off the serum from the vacutainer lnto the glass 
screw-cap specimen container 0 
6. Discard the blood clot in the original tube. 
7. Write the date and time of separation of blood serum on the 
glass screw-cap tube and the request laboratory slip attached. 
8. Retrigerate the serum at 4 degrees centigrade. Place on the 
rack marked "Calcium Study." 
Part Two 
Packaging and Mailing 
1. Remove rack of serum in glass screw-cap tubes. 
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2 • Get styrofoam container for mailing. 
3. Place one package of blue ice from the refrigerator into 
styrofoam container. Be sure the thermometer reads four to six. degrees 
centigrade. 
4. Place the rack on top of the blue ice and cover ~ 
5. Seal styrofoam container well. Place preaddressed label on 
top. Address should read: 
mail. 
Tuba City Indian Hospital 
Department of Special Chemistries 
Tuba City, Arizona 
6. Apply "Handle with Care" label. Refrigerate until ready to 
APPENDIX D 
OBSTETRIC DATA COLLECTION FORM 






Marita 1 status 
------
Gravida Para LNMP 
----- ----- -----
Weeks of gestation (by exam) 
-----------------------------






Infant weight grams 
--------
Length of 1st stage hour(s) minute( s) 
----- --------2nd stage hour(s) minute(s) 
3rd stage hour(s) minute(s) 
Anesthesia Forceps 
--------- ---------
Time and ate of delivery 
-----------------------------------
Family history of bleeding complication 
---------------------------
Previous delivery complications (coded) 
--------------~~-------
Present delivery complications (coded) 
---------------------------
Estimated blood loss ml 
-------
Medications in 3rd stage 
---------------------------------










----- ----MCH MCH 
----- ----MCHC MCHC 
----
ECCLES HEAL TN SC~EhCE8 L 
APPENDIX E 
PROCEDURE FOR DETERMINATION 
OF HEMATOLOGY VALUES 
Hemac 
The Hemac Laser Hematology Counter will count red and white cells 
(RBC and WBC), perform optical extinction measurements on red cells for 
hematocrit determination (HCT), and make a colorimeter determination of 
hemoglobin concentration (HGB)o These four determinations are made by 
diluting the whole blood sample with reagents and diluent at prescribed 
intervals in the fluid subsystem and then by measuring the R BC and WBC 
dilutions in the flow channel with the laser/optics. The hemoglobin con-
centration is measured in the hemoglobin colorimeter. As each of these 
four primary determinations is completed through the fluid, mechanical, 
and laser/optics subsystems, the results are transmitted to the data 
registers in the electronics subsystem. The calculator then uses these 
data to compute the mean cell volume (MCV), the mean cell hemoglobin 
(MCH), and mean cell hemoglobin concentration (MCHC) of the sample 
(Ortho Diagnostics Instruments)o 
Coulter Counter 
A dilute suspension of red corpuscles in 0.9% solution of sodium 
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chloride (to which 0.2 ml. of a 2.5% solution of albumin has been added to 
make the suspension stable) is drawn through a minute aperture conducting 
an electric current between platinum electrodes. Each cell passing through 
the aperture displaces an equal volume of the solution of electrolyte and 
thereby modulates the electric current. The resulting pulses are amplified 
and automatically counted and they are simultaneously displaced on the 
screen of an oscilloscope (Wintrobe, 1967). 
APPENDIX F 
PROCEDURES FOR THE DETERMINATION 
OF SERUM CALCIUM VALUES 
Calcium Rapid Stat Kit 
The Calcium Rapid Stat Kit isa set of reagents and standards for 
performing the quantitative determination of calcium in serum •••. (it) is 
based upon the procedure which uses the metallochromic dye, methyl thymol 
blue, for the rapid colorimetric determination of calcium in serum. In this 
procedure, a green-colored working reagent, containing methyl thymol 
blue and 8 -hydroxyquinoline, is added to the serum and the calcium in 
serum causes the formation of the deep blue calcium -methylthymol blue 
complex which is evaluated at .612 mm. Magnesium interference is 
eliminated since it preferentially combines with 8-hydroxyquinoline (Pierce). 
Hycel-17 
The individual calcium procedure incorporates the use of 8 -hydroxy-
qUinoline to virtually eliminate the interference of magnesium. The diluted 
serum sample is mixed with 0.3 N hydrochloric acid containing 8-hydroxy-
qUinoline to release protein bound calcium and combine with the magnesium. 
This is dialized into a recipient system of cresolphthalein complexone, 
again containing 8-hydroxyquinoline. A colored complex between calcium 
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and dye is formed upon the addition of diethylamine. The developed color 
is measured in a 15 mm flow cell at 570 mu. (Technicon). 
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